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Description 

[0001] The present invention relates to power transis- 
tors, and particularly to high-current discrete insulated- 
gate field-effect transistors which operate at only mod- 
est voltages. 

[0002] Insulated-gate field-effect transistors are in- 
creasingly common in power devices. One outstanding 
advantage of such transistors is that they are voltage- 
controlled devices, which permits control circuits and al- 
gorithms to be simpler. 

[0003] Different applications require different combi- 
nations of transistor parameters. Various applications 
may require: 

high stand-off voltage; 
low on-resistance; 

fast switching (at turn-on, turn-off, or both); 
tolerance of heavily inductive loads; 
pull-up, pull-down, or bidirectional operation; 
good thermal stability; and/or 
graceful recover from breakdown. 

[0004] Various device configurations have according- 
ly been used to satisfy the needs of various applications. 
One class of devices is trench transistors, which have 
been proposed for high-current density devices which 
operate at relatively low voltages (e.g. 30 to 100V max). 
A number of patents and publications have described 
trench transistors and methods for fabricating them; see 
e.g. US Patents 4,393,391, 4,344,081, 4,345,265, 
4,402,003, 4,791,462, 4,893,160, 4,896,196, 
4,914,058, 4,929,991, 4,952,992, 4,956,700, 
4,983,535, and 5,034,785, all of which are hereby incor- 
porated by reference. (Power FETs are more generally 
discussed in the following texts, B.E. Taylor, POWER 
MOSFET DESIGN (1993); B.J. Baliga, MODERN POW- 
ER DEVICES (1987); Grant and Gowar, POWER MOS- 
FETS: THEORY AND APPLICATIONS (1989); and E. 
Oxner, POWER FETS AND THEIR APPLICATIONS 
(1982).) 

[0005] Matsumoto S et al: N A High-Performance Self- 
Aligned UMOSFET with a Vertical Trench Contact 
Structure" IEEE Transactions on ElectronDevices Vol 
41 No 5 1994 describes a UMOSFET having a trench 
contact (TC-UMOS). 

[0006] JP 03011765 describes a manufacturing pro- 
cedure for a semiconductor device which includes form- 
ing a U-shaped groove via an etching step. 
[0007] US 4967245 discloses a trench power MOS- 
FET device wherein the method of manufacture produc- 
es a high density MOSFET cell with good breakdown 
characteristics. The method includes the step of provid- 
ing a substantially rectangular or trapezoidal groove in 
the device. 

[0008] US 4992390 describes an improved trench 
gate field effect device provided by forming a thick oxide 
at the bottom of the trench. 



[0009] A problem with trench MOS-gated devices is 
that, when fabricating the devices many making steps 
can be required. Also a problem is that of overvoltage 
failure which can lead the device destruction when po- 

5 tentially destructive high voltage levels are reached. 
[001 0] It is an aim of the present invention to at least 
partly mitigate the above-referenced problems. 
[001 1] According to a first aspect of the present inven- 
tion there is provided a method for fabricating an array 

10 of insulated-gate field-effect transistors, comprising the 
steps of: 

(a) providing monocrystalline semiconductor mate- 
rial, including a substrate portion having a first con- 

15 ductivity type and an overlying portion having a sec- 
ond conductivity type; 

(b) forming islands of oxidation-resistant material 
on said semiconductor material; 

(c) etching said semiconductor material, where ex- 
20 posed by said islands, to remove said overlying por- 
tion thereof; said method characterised by the steps 
of, during said etching step also partially undercut- 
ting said islands to create mesas in said semicon- 
ductor material; 

25 (d) implanting said semiconductor material where 
exposed by said islands, to create body regions of 
said second conductivity type in said substrate por- 
tion; 

(e) removing said islands of oxidation-resistant ma- 
30 terial, and etching trenches into said semiconductor 

material in locations of said mesas; 

(f) forming insulated gates which are capacitively 
coupled to sidewall portions of said trenches; 

(g) forming source regions of a first conductivity 
35 type in remaining portions of said overlying portion 

adjacent to at least some ones of said trenches; and 

(h) making contact to said source regions and body 
regions. 

40 [0012] According to a second aspect of the present 
invention there is also a power transistor device com- 
prising: 

trenches extending into monocrystalline semicon- 
45 ductor material from a first surface thereof; 

a first-conductivity-type source region in said sem- 
iconductor material at some locations of said first 
surface thereof adjacent to said trenches, and a 
second-conductivity-type channel region in said 
so semiconductor material below said source region ; 
an insulated conductive gate inlaid into said trench- 
es, and capacitively coupled to sidewall portions of 
said trenches to control conduction through said 
channel region; wherein 
55 said first surface of said semiconductor material is 
depressed at locations away from said trenches 
and an additional second-conductivity-type region 
extends into said semiconductor material below the 
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level of said channel region at said depressed loca- 
tions. 

[0013] The present application provides a new proc- 
ess and structure for fabricating power trench transis- 5 
tors. According to a first class of innovative process em- 
bodiments, a trench transistor is made by a very eco- 
nomical process with two silicon etches. In a second 
(and more preferred) process example , only one silicon 
etch is required, and one local oxidation step is omitted. 
[0014] The embodiments begin with a P-on-N-on-N+ 
epitaxial or implanted structure. After formation of a pat- 
terned thick oxide, a nitride layer (with an oxide pad un- 
der it) is patterned to define deep-body locations. A first 
silicon etch provides some undercut under the nitride, 
and the nitride then also provides an implant mask for 
a P+ body implant. Oxidation and removal of the nitride 
then permit two subsequent steps to be performed in a 
self-aligned fashion: first, the trench etch can now be 
masked by the pattern of the grown oxide. After a gate 
oxide is grown in the trench, and poly is deposited and 
patterned, the source implant too can be performed as 
a self-aligned step. This provides an extremely econom- 
ical process, which can use as few as six masking steps 
total. 

[001 5] In one alternative modification to this first class 
of embodiments, an additional mask is used for the 
trench etch. This adds cost, but reduces the variability 
of channel length. 

[0016] In another alternative modification to this first 
class of embodiments, the step of patterning the thick 
oxide can be omitted. 

[0017] In a second class of examples not according 
to the present invention a single resist patterning step 
is used to pattern a LOCOS stack and to perform the 
trench etch. The source and channel regions are formed 
before the trench etch, and are un patterned (so this is 
not a DMOS process). After the trench etch a gate oxide 
is formed on the trench sidewalls, and polysilicon is then 
conformally deposited and etched. The duration of the 
polysilicon etch is not long enough to clear it from the 
trenches, so (in addition to the patterned polysilicon 
lines at the surface) a buried insulated mesh of polysil- 
icon runs wherever the trenches run. An oxidation step 
forms thick oxide over the poly, and the LOCOS stack 
is then stripped to expose the N+ source region. A pat- 
terned silicon etch and implant now form the deep body 
regions, and metal is then deposited and patterned. 
[0018] Eitherthe embodiment of the present invention 
or the examples described provide an extremely planar 
power device structure which can be fabricated by a 
very simple process sequence. 
[0019] The disclosed inventions will be described with 
reference to the accompanying drawings, which show 
important sample embodiments of the invention and 
which are incorporated in the specification hereof by ref- 
erence, wherein: 



Figures 1A-1I show process steps in a sample in- 
novative embodiment, and Figure 2 shows a plan 
view of a sample transistor structure according to 
this embodiment. 

Figures 3A-3E show process steps in a second ex- 
ample not according to the present invention, and 
Figure 4 shows a plan view of a sample transistor 
structure according to this example, 

[0020] The numerous innovative teachings of the 
present application will be described with particular ref- 
erence to the presently preferred embodiment (by way 
of example, and not of limitation), in which: 
[0021] Figures 1 A-11 show a process steps in a sam- 
ple innovative embodiment. In these Figures, the left 
side of the drawing shows structures used in the termi- 
nation region, and the right side shows a cell in the array. 
(In the complete device, an array of many trench devices 
is used to provide a large current-carrying capacity.) 
[0022] This sample embodiment starts with an N- 
on-N+ epitaxial structure, having an N- epitaxial layer 
101, doped to e.g. 0.2-5 ft-cm, and having a thickness 
in the range of e.g. 2-10 n, on an N+ substrate 100. 
[0023] A thick field oxide 102 is grown overall (e.g. to 
2000-14000A), patterned, and etched. (Alternatively, 
the field oxide may be formed by a LOCOS process, or 
may even be deposited.) 

[0024] A p-type implant is then performed, e.g. with a 
dose in the range of 1 E13-5E14 cm- 2 {i.e. 10 13 -51 xO 14 
cnr 2 ), and with an energy selected to produce a junction 
depth Xj in the range of e.g. 0.6-2.5um (after the high- 
temperature steps are completed). (Alternatively, the p- 
implant may be performed before the field oxidation 
process, but this may provide worse breakdown char- 
acteristics at the periphery.) This implant forms the shal- 
low p- surface region 104 in Figure 1A, which will later 
be used to form the transistor channel regions. 
[0025] A pad oxide 106 is then grown on silicon, e.g. 
to 500A thickness, and a silicon nitride layer 1 08 is then 
formed, e.g. by CVD to 500A. 

[0026] A photoresist layer 1 1 2 is then applied and pat- 
terned, and nitride 108, pad oxide 106, and silicon are 
etched accordingly. The silicon etch is preferably fairly 
isotropic, to give a substantial undercut under the oxide/ 
nitride islands. This can be done e.g. with a wet etch in 
a hydrofluoric/nitric/acetic acid mixture, or with a gas 
etch under low vacuum or near-atmospheric pressures, 
e.g. a plasma-assisted chloroetch. This produces silicon 
mesas under the remaining oxide/nitride islands. 
[0027] A second p-type implant is then performed, e. 
g. with a dose in the range of 1 E14-1 E16 cnr 2 , and with 
a relatively moderate energy selected to produce an 
eventual junction depth Xj (after all high-temperature 
steps) in the range of e.g. 0.8-3.0 um. This implant pro- 
duces the deeper p-type regions 114. 
[0028] The foregoing steps have produced the inter- 
mediate structure shown in Figure 1A. 
[0029] The remaining resist is now removed, and an 
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oxidation step is then performed, to grow e.g. 
1000-6000A of silicon dioxide 116 over the p-type re- 
gions 114. 

[0030] The foregoing steps have produced the inter- 
mediate structure shown in Figure 1B. 5 
[0031] The nitride 108 and pad oxide 106 are now 
stripped, e.g. by use of phosphoric acid followed by a 
very brief dip (e.g. 10 seconds) in weak buffered HF so- 
lution. 

[0032] A trench etch is now performed, to cut through 
the tops of the mesas and form trenches 118 in silicon, 
e.g. to a depth of 1-6 urn. (The trench depth is selected 
in accordance with the desired operating voltage; at low- 
er operating voltages lower trench depths can be used 
to minimize on-resistance.) 

[0033] The trench etch can be performed with any one 
of a variety of chlorine-based plasma trench-etching 
recipes. Some examples of recipes for trench etching 
may be found in the following articles, Oehrlein, "Appli- 
cations of RF plasmas to etching processes in advanced 
semiconductor technology," in Applications of Radio- 
Frequency Power Plasmas - Seventh Topical Confer- 
ence, 159 AIP CONFERENCE PROC. 442 (1987); 
Chieh et a/., "Chemically assisted ion beam etching for 
silicon-based microfabrication," 141 J. ELECTRO- 
CHEM. SOC. 1585 (1994); Yunkin et a/., "Highly aniso- 
tropic selective reactive ion etching of deep trenches in 
silicon," 23 MICROELECTRONIC ENGINEERING 373 
(1994); Amirov et a/., "Trench etching in silicon in a hal- 
ogen-containing plasma with increased pressure," 22 
RUSSIAN MICROELECTRONICS 197 (1993); Frank 
and Chabert, "Dry etching of single-crystal silicon trench 
in hydrogen iodide containing plasmas I," 140 J. ELEC- 
TROCHEM. SOC. 490 (1993); Zhang ef a/., "Reactive 
ion etching of SiGe alloys using CF 2 /CI 2 ," 71 J. AP- 
PLIED PHYSICS 1 936 (1 992); Wohl ef a/., "Trench etch- 
ing using a CBrF 3 plasma and its study by optical emis- 
sion spectroscopy," 42 VACUUM 905 (1991); Syau ef 
a/., "Reactive ion etching of silicon trenches using SFqI 
0 2 gas mixtures," 138 J. ELECTROCHEM. SOC. 3076 
(1991); Engelhardt, "MCR: an ECR alternative," 14 
SEMICONDUCTOR INTERNATIONAL no.8, pp.52, 
54-5 (July 1991); Lee and Zhou, "Feature-size depend- 
ence of etch rate in reactive ion etching," 138 J. ELEC- 
TROCHEM. SOC. 2439 (1991); Cooper ef a/., "Magnet- 
ically enhanced RIE etching of submicron silicon trench- 
es," 1392 PROC. SPIE 253 (1991); Engelhardt, "Single 
crystal silicon trench etching for fabrication of highly in- 
tegrated circuits," 1392 PROC. SPIE 210 (1991); Robb 
et a/., "Deep trench isolation for high voltage applica- 
tions," in PROC. SIXTH INTERNATIONAL SYMPOSI- 
UM ON SILICON MATERIALS SCIENCE AND TECH- 
NOLOGY: SEMICONDUCTOR SILICON 1990 at 801; 
Francou ef a/., "Trench process with HBr chemistry in 
RIPE," 13 MICROELECTRONIC ENGINEERING 425 
(March 1991); Gluck and Hoppner, "Etching of silicon 
trenches in CF 4 plasma using photoresist/aluminium 
masks," 25 CRYSTAL RESEARCH AND TECHNOLO- 



GY 277 (1990); Kassam ef a/., "Characterization of 
BCI 3 -CI 2 silicon trench etching," 137 J. ELECTRO- 
CHEM. SOC. 1613 (1990); Bestwick and Oehrlein, "Re- 
active ion etching of silicon using bromine containing 
plasmas," 8 J. VACUUM SCIENCE & TECHNOLOGY 
A 1696 (1990); and Crazzolara and Gellrich, "Profile 
control possibilities for a trench etch process based on 
chlorine chemistry," 1 37 J. ELECTROCHEM. SOC. 708 
(1990). 

[0034] For simplicity, the drawing shows trenches 118 
as having square lower corners. However, this is not re- 
alistic; to avoid geometry-dependent electric field en- 
hancement it is preferable to round the trench corners. 
This can be done as a natural result of various trench 
etches, or can be done by forming and stripping a sac- 
rificial oxide from the trench surfaces. 
[0035] The trenches 110 can be closely spaced; e.g. 
for a minimum patterned linewidth of 0.8um the trenches 
can have a width of e.g. 0.8-1 .6um and a pitch of e.g. 
1.6-6.4^m. This tight geometry provides advantages in 
current density. 

[0036] In general, the spacing may be constrained, for ' 
a given operating voltage, by the requirement that the 
depletion regions from the body will spread to isolate the 
drain from the channel region at a voltage less than that 
at which the channel region reaches breakdown. This 
same requirement also implies a relation between the 
depth of the body regions and the depth of the trench: 
preferably the depth of the body regions is at least one- 
third that of the trenches. 

[0037] Note that the trench etch is performed, in the 
presently preferred embodiment, without any further 
masking step. This provides a very economical process. 
However, in an alternative embodiment, a further mask- 
ing step is used to ensure that the trench sidewalls fall 
within the flat part of the mesas, and not on the sloped 
sidewalls. This provides slightly better control of the 
channel length. 

[0038] The foregoing steps have produced the inter- 
mediate structure shown in Figure 1C. 
[0039] A gate oxidation step is then performed, to 
grow gate oxide 120 e.g. to a thickness of 200-2000A, 
and polysilicon 122 is conformally deposited (and even- 
tually doped), e.g.' to a thickness of 3000-6000A on flat 
surfaces (and preferably to a thickness which is suffi- 
cient to fill the trenches). 

[0040] The foregoing steps have produced the inter- 
mediate structure shown in Figure 1D. 
[0041] The deposited polysilicon 122 is now patterned 
and etched. The polysilicon etch is preferably a timed 
plasma etch, which is continued for long enough to re- 
move polysilicon from exposed flat surfaces, but not for 
long enough to remove any large depth of polysilicon 
from exposed trenches. Alternatively, endpoint detec- 
tion may be used to detect the time when the polysilicon 
first starts to clear, and the etch may be continued for a 
fixed time thereafter. 

[0042] The foregoing steps have produced the inter- 
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mediate structure shown in Figure 1E. 
[0043] A short steam oxidation step is now performed 
to grow additional oxide 124, to a thickness of e.g. 
2000-5000A atop the polysilicon. (Of course oxide thick- 
ness in other areas will be increased at this time.) 5 
[0044] The foregoing steps have produced the inter- 
mediate structure shown in Figure 1F. 
[0045] A global oxide etchback is now performed, to 
a depth sufficient to uncover (or nearly uncover) the sil- 
icon corners next to the trenches, with e.g. 1 500-3000A 10 
removed by plasma etching. 

[0046] A further photoresist step is now used to ex- 
pose and etch the oxide 124 over locations 126 where 
contact to polysilicon will be made. 
[0047] A shallow heavy n-type implant is now per- 15 
formed to form source regions 128. In the presently pre- 
ferred embodiment, this implant is performed with a 
dose of e.g. 5E14-1E16 cm* 2 of As at an energy of 
20-150 keV. 

[0048] There is an interaction between the depth of 20 
this implant and the depth of the polysilicon etch: to 
avoid excessive gate underlap, preferably the polysili- 
con in the trenches is not eroded more than 100A or so 
below the junction depth formed by the N+ implant. 
[0049] The foregoing steps have produced the inter- 25 
mediate structure shown in Figure 1G. 
[0050] A further global oxide etchback is now per- 
formed, to a depth sufficient to uncover the body regions 
114, e.g. 1000-3000A is removed by plasma etching. 
This does not remove the thicker oxide on the polysili- 30 
con. 

[0051] The foregoing steps have produced the inter- 
mediate structure shown in Figure 1H. 
[0052] A thin-film metallization 130 (e.g. AISi 02 Cu 04 ) 
is now deposited (e.g. to a thickness in the range of 35 
0.8-3.0 urn), patterned, and etched. The metal provides 
source and body connections in the area, and provides 
contacts to the polysilicon with a spacing which is se- 
lected to minimize the RC time constant of the gate. 
[0053] A passivation layer 132 is now deposited (e.g. 40 
2000-4000 A of compressive plasma silicon nitride, 
along or over 1000A of doped or undoped oxide). 
[0054] The passivation layer is then patterned and 
etched to expose contact pad locations. 
[0055] The foregoing steps have produced the fin- 45 
ished structure shown in Figure 11. 
[0056] For clarity, the foregoing process summary 
omits various minor steps, such as cleanups and an- 
neals, which are very well known to those of ordinary 
skill in the art. 50 
[0057] Figure 2 shows a plan view of a sample tran- 
sistor structure according to the present invention. The 
illustrated example uses an array of square ceils, but of 
course hexagonal cells, triangular cells, stripes, or other 
packing geometries can be used. Note that the trenches 55 
118 and polysilicon gate lines 122 form a continuous 
mesh, and the source, body and channel regions are 
located on isolated islands. Note that a stripe of p+ re- 



gion 1 1 4' is used near the scribe line 200 for better array 
termination. Note also that gate metal 130A and polyis- 
licon 122 overlap along a stripe contact 126. 
[0058] Figures 3A-3E show process steps in a sec- 
ond example not according to the present invention, and 
Figure 4 shows a plan view of a sample transistor struc- 
ture according to this example. 
[0059] The second class of examples produces a very 
similar final structure, but uses a different process to ob- 
tain it. The resulting junction depths and dopant concen- 
trations are generally the same as in the preceding fig- 
ures unless otherwise specified. 
[0060] The starting material again includes an N-type 
epitaxial layer 101 (e.g.0.8ft-cm) on an N+ substrate 
1 00. However, in this case the p-type body diffusion 1 04' 
(e.g. implanted at 2E14 cnv 2 to a final junction depth of 
1.5 urn) and the n+ source region 128' (e.g. implanted 
at 2E1 5 cm -2 to a final junction depth of 0.5 urn) are im- 
mediately formed as unpatterned regions. 
[0061] These steps produce the intermediate struc- 
ture of Figure 3A. 

[0062] The LOCOS stack (nitried 108, e.g. 800A thick, 
over grown pad oxide 106, e.g. 500A thick) is now 
formed as described above. A trench pattern now de- 
fines a stack etch which cuts through the LOCOS stack 
and into the silicon, to produce trenches 118 (e.g. 1.8 
ujti deep and 1.0 urn wide). 

[0063] These steps produce the intermediate struc- 
ture of Figure 3B. 

[0064] After the trench etch a gate oxide 120 is formed 
(e.g. to 1000A) on the trench sidewalls, and polysilicon 
122 is then conformally deposited (e.g. to 6000A) and 
etched. The duration of the polysilicon etch is not long 
enough to clear it from the trenches, so (in addition to 
the patterned polysilicon lines 122' at the surface) a bur- 
ied insulated mesh of polysilicon runs wherever the 
trenches run. An oxidation step forms thick oxide 124 
(e.g. to 4000A thickness) over the polysilicon 122. 
[0065] These steps produce the intermediate struc- 
ture of Figure 3C. 

[0066] The next steps open polysilicon contacts 126, 
form deep body regions 114, and expose the source re- 
gions 128' for metallization. Optionally this can all be 
done by using a single patterning step: the resist is pat- 
terned to expose the desired locations of contacts 126 
and deep body diffusions 114. A patterned nitride etch 
then removes the nitride 108 which is present over the 
deep body locations 114, and a short oxide etch then 
removes the pad oxide 106, but does not remove the 
much thicker oxide 124 which is present over the poly- 
silicon contact locations 126. A silicon etch (e.g. to 0.8 
urn depth) then cuts through the N+ layer 128', without 
eroding the oxide 124, A P+ implant is then performed; 
this is blocked by the remaining oxide 124 at poly con- 
tact locations 126, and by the photoresist everywhere 
else except at locations 114. An oxide etch then re- 
moves the remaining oxide 124 over contact locations 
126. The resist is then stripped, and the LOCOS stack 
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is then stripped by global nitride and oxide etches, ex- 
posing the source regions 128*. Alternatively, of course 
separate masks can be used for the deep body and poly 
contacts if desired. 

[0067] These steps produce the intermediate struc- 5 
ture of Figure 3D. 

[0068] Metal 1 30 is then deposited (e.g. to a thickness 
of 2.0 urn) and patterned. Note that no interlevel dielec- 
tric is required, since the thick grown oxide 124 fills this 
function. 

[0069] These steps produce the intermediate struc- 
ture of Figure 3E. Processing then concludes conven- 
tionally with protective overcoat deposition (e.g. 4000A 
of PSG covered by 4000A of plasma nitride), contact 
patterning, etc., as described above. 
[0070] Figure 4 shows a plan view of a sample tran- 
sistor structure according to this example. Note, howev- 
er, that the termination struection is shown on the left in 
Figure 4, but on the right in Figures 3A-3E. Note also 
that Figure 4 uses a simpler termination structure than 
that shown in Figure 2; otherwise the layouts are gen- 
erally similar, and common reference numbers are used 
to indicated similarities. 

[0071] According to a disclosed class of examples, 
there is provided: A method for fabricating an array of 
insulated-gate fteldeffect transistors, comprising the 
steps of: providing substantially monocrystalline semi- 
conductor material, including a first portion having a first 
conductivity type, a second portion which overlies said 
first portion and has a second conductivity type, and a 
third portion which overlies said second portion and has 
said first conductivity type; and forming oxidation-resist- 
ant material on said semiconductor material; etching 
both said oxidation-resistant material and said semicon- 
ductor material thereunder in a common pattern to form 
trenches in said semiconductor material; forming an in- 
sulating layer on sidewalls of said trenches; conformally 
depositing an oxidizable conductor overall, to a depth 
which fills said trenches, and etching back said oxidiz- 
able conductor to leave portions thereof in said trenches 
which are capacitively coupled to sidewall portions of 
said trenches; oxidizing said oxidizable conductor to 
form a thick insulating layer thereon; removing said ox- 
idation-resistant material and substantially all of said 
third portion of semiconductor material from desired 
deep body locations, and introducing an additional con- 
centration of dopants of said second conductivity type; 
and making contact to exposed portions of said third and 
second portions; whereby said third and second por- 
tions provide source and channel regions, respectively, 
of a field-effect transistor which is gated by said oxidiz- 
able conductor material within said trench. 
[0072] According to another disclosed class of exam- 
ples, there is provided: A method for fabricating an array 
of insulated-gate field-effect transistors, comprising the 
steps of: providing substantially monocrystalline semi- 
conductor material, including a substrate portion having 
a first conductivity type and an overlying portion having 



a second conductivity type; forming islands of oxidation- 
resistant material on said semiconductor material; etch- 
ing said semiconductor material, where exposed by said 
islands, to remove said overlying portion thereof while 
also partially undercutting said islands to create mesas 
in said semiconductor material; implanting said semi- 
conductor material where exposed by said islands, to 
create body regions of said second conductivity type in 
said substrate portion; removing said islands of oxida- 
tion-resistant material, and etching trenches into said 
semiconductor material in locations of said mesas; 
forming insulated gates which are capacitively coupled 
to sidewall portions of said trenches; forming source re- 
gions of a first conductivity type in remaining portions of 
said overlying portion adjacent to at least some ones of 
said trenches; and making contact to said source re- 
gions and body regions. 

[0073] According to another disclosed class of exam- 
ples, there is provided: A method for fabricating an array 
of insulated-gate field-effect transistors, comprising the 
steps of: providing substantially monocrystalline semi- 
conductor material, including a substrate portion having 
a first conductivity type and an overlying portion having 
a second conductivity type; forming trenches in said 
semiconductor material, extending through said overly- 
ing portion thereof into said substrate portion; forming a 
thin film layer of an oxidizable conductor which extends 
into said trenches to provide capacitive- coupling to 
sidewall portions of said trenches; oxidizing said oxidiz- 
able conductor to form a thick oxide thereon; removing 
oxide overall, to a depth which is not sufficient to remove 
all oxide from said oxidizable conductor; implanting do- 
pants of a first conductivity type to form source regions 
in remaining portions of said overlying portion adjacent 
to at least some ones of said trenches; and making con- 
tact to said source and body regions. 
[0074] According to another disclosed class of exam- 
ples, there is provided: A method for fabricating an array 
of insulated-gate field-effect transistors, comprising the 
steps of: providing substantially monocrystalline semi- 
conductor material, including a substrate portion having 
a first conductivity type and an overlying portion having 
a second conductivity type; forming islands of oxidation- 
resistant material on said semiconductor material; etch- 
ing said semiconductor material, where exposed by said 
islands, to remove said overlying portion thereof while 
also partially undercutting said islands to create mesas 
in said semiconductor material; implanting said semi- 
conductor material where exposed by said islands, to 
create body regions of said second conductivity type in 
said substrate portion; removing said islands of oxida- 
tion-resistant material, and etching trenches into said 
semiconductor material in locations of said mesas; 
forming insulated conductive gates which are capaci- 
tively coupled to sidewall portions of said trenches; 
forming a thin film layer of an oxidizable conductor which 
extends into said trenches to provide capacitive cou- 
pling to sidewall portions of said trenches; oxidizing said 
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oxidizable conductor to form a thick oxide thereon; re- 
moving oxide overall, to a depth which is not sufficient 
to remove all oxide from said oxidizable conductor; im- 
planting dopants of a first conductivity type to form 
source regions in remaining portions of said overlying 
portion adjacent to at least some ones of said trenches; 
and making contact to said source regions and body re- 
gions. 

[0075] According to another disclosed class of exam- 
ples, there is provided: An integrated circuit, comprising: 
a network of trenches extending into monocrystalline 
semiconductor material from a first surface thereof; a 
first-conductivity-type source region in said semicon- 
ductor material at some locations of said first surface 
thereof adjacent to said trenches, and a second-con- 
ductivity-type channel region in said semiconductor ma- 
terial below said source region and an insulated con- 
ductive gate mesh inlaid into said network of trenches, 
and capacitively coupled to control conduction through 
said channel regions along sidewalls of said trenches; 
said first surface of said semiconductor material being 
depressed at locations away from said trenches. 
[0076] As will be recognized by those skilled in the art, 
the innovative concepts described in the present appli- 
cation can be modified and varied over a tremendous 
range of applications, and accordingly the scope of pat- 
ented subject matter is not limited by any of the specific 
exemplary teachings given. 

[0077] For example, as will be obvious to those of or- 
dinary skill in the art, a P-channel device can easily be 
fabricated by reversing the doping type of every region 
of the device. 

[0078] For another example, the buried polysilicon 
mesh which forms the gate does not have to be pure 
doped polysilicon. This can be formed, for example, by 
a multilayer deposition sequence, in which a small 
amount of polysilicon is conformally deposited, metal (e. 
g. tungsten) is conformally deposited and etched to 
clear (leaving metal on the trench sidewalls), and poly- 
silicon is then conformally deposited to produce the in- 
termediate structure of Figure 1 D. 
[0079] For another example, the disclosed structure 
can also (alternatively and less preferably) be modified 
in various ways to produce a hybrid field-effect/bipolar 
device with reduced on-resistance. (However, many 
such structures entail an additional diode drop, and 
hence are not useful at the relatively low voltages where 
trench devices are most preferred.) 
[0080] For another example, the disclosed structure 
can be combined with an additional p-type buried layer 
(and preferably an additional n-type buried layer above 
that) to form a switched emitter device, in which the FET 
device illustrated controls current to a buried-emitter bi- 
polar device which provides high-voltage withstand ca- 
pability. 

[0081] For another example, although the disclosed 
structure and process are directed to fabrication of dis- 
crete transistors, it is possible to modify this process to 



produce integrated devices. However, an integrated 
process would not be as simple and economical as the 
disclosed process. 



1. A method for fabricating an array of insulated-gate 
field-effect transistors, comprising the steps of: 

10 

(a) providing monocrystalline semiconductor 
material, including a substrate portion (101) 
having a first conductivity type and an overlying 
portion (104) having a second conductivity 

75 type; 

(b) forming islands of oxidation-resistant mate- 
rial on said semiconductor material; 

(c) etching said semiconductor material, where 
exposed by said islands, to remove said over- 

20 lying portion thereof; said method character- 

ized by the steps of; 

during said etching step, also partially under- 
cutting said islands to create mesas in said 
semiconductor material; and 
25 (d) implanting said semiconductor material 

where exposed by said islands, to create body 
regions (114) of said second conductivity type 
in said substrate portion (101); 

(e) removing said islands of oxidation-resistant 
30 material, and etching trenches (118)into said 

semiconductor material in locations of said me- 
sas; 

(f) forming insulated gates (122) which are ca- 
pacitively coupled to sidewall portions of said 

35 trenches; 

(g) forming source regions (128) of a first con- 
ductivity type in remaining portions of said over- 
lying portion adjacent to at least some ones of 
said trenches; and 

40 (h) making contact to said source regions and 

body regions. 

2. A method according to claim 1 wherein said step of 
forming source regions (128) comprises the step of 

45 implanting dopant of a first conductivity type. 

3. A method according to claim 1 or 2 further compris- 
ing the steps of : 

50 (i) forming a thin film layer of an oxidisable con- 

ductor which extends into said trenches to pro- 
vide the capacitive coupling to the side wall por- 
tions of said trenches; 

(j) oxidising said oxidisable conductor to form a 
55 thick oxide thereon; and 

(k) removing oxide overall without removing 
any large depth of said oxidisable conductor 
from said trenches. 
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4. A method according to any one of claims 1 to 3 
wherein said body region extends downward to con- 
nect to a drain contact diffusion which is heavily 
doped with said first conductivity type. 

5. A method according to any one of the preceding 
claims wherein said oxidation-resistant material 
consists of a layer of silicon nitride over a layer of 
silicon dioxide. 

6. A method according to any one of claims 3 or 4 and 
5 when dependent on claim 3 wherein said oxidis- 
able conductor is polysilicon. 

7. A power transistor device comprising: 

trenches (118) extending into monocrystalline 
semiconductor material (101,104) from a first 
surface thereof; 

a first-conductivity-type source region (128) in 
said semiconductor material at some locations 
of said first surface thereof adjacent to said 
trenches, and a second-conductivity-type 
channel region (104) in said semiconductor 
material below said source region ; 
an insulated conductive gate inlaid into said 
trenches (118), and capacitively coupled to 
sidewall portions of said trenches to control 
conduction through said channel region; 
wherein 

said first surface of said semiconductor mate- 
rial is depressed at locations (114) away from 
said trenches and 

characterised in that an additional second-con- 
ductivity-type region extends into said semiconduc- 
tor material below the level of said channel region 
(104) at said depressed locations. 

Patentanspriiche 

1. Verfahren zum Herstelleneiner Anordnung von Fel- 
deffekttransistoren mit isoliertem Gate, mit den 
Schritten: 

(a) Bereitstellen von monokristallinem Halblei- 
termaterial, welches einen Substratabschnitt 
(101) von einem ersten Leitfahigkeitstyp und ei- 
nen daruberliegenden Abschnitt (104) von ei- 
nem zweiten Leitfahigkeitstyp umfafU; 

(b) Bilden von Inseln von oxidationsresistentem 
Material auf dem Haibleitermaterial; 

(c) Atzen des Halbleitermaterials, wo es durch 
die Inseln freibleibt, um den daruberliegenden 
Abschnitt zu entfernen; das Verfahren gekenn- 



zeichnet durch die Schritte: 

wahrend des Atzens auch teilweise Unter- 
schneiden der Inseln, um eine Mesabil- 
5 dung in dem Haibleitermaterial zu bewir- 

ken; und 

(d) Implantieren des Halbleitermaterials, wo 
dieses durch die Inseln freibleibt, um Substrat- 

10 regionen (114) vom zweiten Leitfahigkeitstyp in 

dem Substratabschnitt (101) zu bilden; 

(e) Entfernen der Inseln von oxidationsresi- 
stentem Material und Atzen von Graben (118) 

15 in das Haibleitermaterial an den Orten der Me- 

sas; 

(f) Bilden von isolierten Gates (122), welche ka- 
pazitiv mit den Seitenwandabschnitten der 

20 Graben gekoppelt sind; 

(g) Bilden von Sourceregionen (128) vom er- 
sten Leitfahigkeitstyp in den ubrigen Abschnit- 
ten des daruberliegenden Abschnittes angren- 

25 zend an wenigstens einen der Graben; und 

(h) Kontaktieren der Sourceregionen und der 
Substratregionen. 

30 2. Verfahren nach Anspruch 1 , bei welchem beim Bil- 
den der Sourceregionen (128) ein Dotierungsstoff 
vom ersten Leitfahigkeitstyp implantiert wird. 

3. Verfahren nach Anspruch 1 oder 2, welches ferner 
35 die Schritte umfaftt: 

(i) Bilden einer Dunnfilmschichtvon einem oxi- 
dierbaren Leiter, welcher sich in die Graben 
hinein erstreckt, um die kapazitive Kopplung zu 

40 den Seitenwandabschnitten der Graben bereit 

zu steilen; 

(j) Oxidieren des oxidierbaren Leiters, um dar- 
auf ein dikkes Oxid zu bilden; und 

45 

r 

(k) insgesamt Entfernen des Oxids, ohne merk- 
lich den oxidierbaren Leiter aus den Graben zu 
entfernen. 

so 4. Verfahren nach einem der Anspruche 1 bis 3, bei 
welchem die Substratregion sich nach unten er- 
streckt, um eine Drainkontaktdiffusion, welche vom 
ersten Leitfahigkeitstyp hoch dotiert ist, zu kontak- 
tieren. 

55 

5. Verfahren nach einem der vorstehenden Anspru- 
che, bei welchem das oxidationsresistente Material 
aus einer Schicht von Siliziumnitrid auf einer 
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Schicht von Siliziumdioxid besteht. 

6. Verfahren nach einem der Anspruche 3 oder 4 und 
5, wenn abhangig von Anspaich 3, bei welchem der 
oxidierbare Leiter ein Polysilizium ist. 

7. Leistungstransistor, mit: 

Graben (118), welche sich von einer ersten 
Oberflache aus in monokristallines Halbleiter- 
material (101,104) erstrecken; 

einer Sourceregion (128) von einem ersten 
Leitfahigkeitstyp im Halbleitermaterial an eini- 
gen Orten der ersten Oberflache angrenzend 
an die Graben, und einer Kanalregion (104) von 
einem zweiten Leitfahigkeitstyp im Halbleiter- 
material unterhalb der Sourceregion; 

einem isolierten leitenden Gate, welches in den 
Graben (118) ausgebildet ist und mit Seiten- 
wandabschnitten der Graben kapazitiv gekop- 
pelt ist, urn die Leitung durch die Kanalregion 
zu steuern; wobei die erste Oberflache des 
Halbleitermaterials in Bereichen (114) entfernt 
von den Graben vertieft ist, dadurch gekenn- 
zeichnet, daft sich eine zusatzliche Region 
vom zweiten Leitfahigkeitstyp in das Halbleiter- 
material unterhalb des Niveaus der Kanalregi- 
on (104) in den vertieften Bereichen erstreckt. 



Revendications 

1 1. Procede de fabrication d'une matrice de transistors 
a effet de champ a grille isolee, comprenant les eta- 
pes suivantes : 



creer des zones de corps (114) dudit second 
type de conductivity dans ladite partie forma nt 
substrat(101); 

(e) I'enlevement desdits Tlots de matiere resis- 
5 tant a oxydation, et I'atta que de tranchees (118) 

dans ladite matiere semiconductrice dans des 
emplacements desdites structures mesas ; 

(f) la formation de grilles isolees (122) qui sont 
couplees de maniere capacitive a des parties 

10 formant parois laterales desdites tranchees. ; 

(g) la formation de zones de source (128) du 
premier type de conductivity dans les parties 
restantes de ladite partie de chevauchement 
adjacente a au moins certaines desdites 

is tranchees ; et 

(h) I'etablissementde contact entre lesdites zo- 
nes de source et zones de corps. 

2. Procede selon la revendication 1 , dans lequel ladite 
20 etape de formation de zones de source (128) com- 

prend I'etape d'implantation d'impurete d'un pre- 
mier type de conductivite. 

3. Procede selon la revendication 1 ou 2 comprenant 
25 de plus les etapes suivantes : 

(i) la formation d'une couche de film mince d'un 
conducteur pouvant etre oxyde qui s'etend 
dans lesdites tranchees pour realiser le coupla- 

30 ge capacitif avec les parties formant parois la- 

terales desdites tranchees ; 
(J) I'oxydation dudit conducteur pouvant etre 
oxyde pour former un oxyde secondaire sur ce 
dernier ; et 

35 (k) I'enlevement d'oxyde partout sauf dudit con- 

ducteur pouvant etre oxyde dans lesdites tran- 
chees. 



(a) la realisation d'une matiere semiconductrice 
monocristalline, comprenant une partie for- 40 
mant substrat (101) ayant un premier type de 
conductivite et une partie de chevauchement 
(104) ayant un second type de conductivite ; 

(b) la formation dTlots de matiere resistant a 
I'oxydation sur ladite matiere semiconductrice ; 45 

(c) I'attaque de ladite matiere semiconductrice, 
la ou elle n'est pas recouverte par iesdits Tlots, 
pour enlever ladite partie de chevauchement 
de cette derniere ; ledit procede etant caracte- 
rise par les etapes suivantes : 50 

pendant ladite etape d'attaque, egalement 
erosion partielle sous Iesdits Tlots pour 
creer des structures mesas dans ladite ma- 
tiere semiconductrice ; et 55 

(d) ('implantation de ladite matiere semiconduc- 
trice la ou elle est exposee par Iesdits Tlots, pour 



4. Procede selon Tune quelconque des revendications 
1 a 3, dans lequel ladite zone de corps s'etend vers 
le bas pour connexion a une zone de contact de 
drain qui est fortement dopee avec ledit premier ty- 
pe de conductivite. 

5. Procede selon I'une quelconque des revendications 
precedentes, dans lequel ladite matiere resistant a 
I'oxydation consiste en une couche de nitrure de si- 
licium sur une couche de dioxyde de silicium. 

6. Procede selon I'une quelconque des revendications 
3 ou 4 et 5 lorsque dependante de la revendication 

. 3, dans lequel ledit conducteur pouvant etre oxyde 
est du polysilicium. 

7. Composant formant transistor de puissance 
comprenant : 

des tranches (118) s'etendant dans une ma- 
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tiere semiconductrice monocristalline (101, 
104) a partir d'une premiere surface de ces 
dernieres ; 

une zone de source du premier type de con- 
ductivity (1 28) dans ladite matiere semiconduc- 5 
trice en certains emplacements de ladite pre- 
miere surface de cette derniere adjacente 
auxdites tranchees, et une zone de canal du 
second type de conductivity (104) dans ladite 
matiere semiconductrice au-dessous de ladite 10 
zone de source ; 

une grille conductrice isolee incrustee dans les- 
dites tranchees (118), et couplee de maniere 
capacitive a des parties formant parois latera- 
les desdites tranchees pour commander la con- 1 5 
duction a travers ladite zone de canal ; dans le- 
quel 

1 . ladite premiere surface de ladite matiere 
semiconductrice est en creux a des empla- 20 
cements (114) distants desdites tranchees 
et est caract6ris6e en ce qu'une zone 
supplemental du second type de con- 
ductivity s'etend dans ladite matiere semi- 
conductrice au-dessous du niveau de ladi- 25 
te zone de canal (104) auxdits emplace- 
ments en creux. 
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